A method of preparation of rotors with a reversed phase (RP) solid silica gel sorbent layer has been developed for centrifugal preparative chromatography (CPC), also known as rotational planar chromatography (RPC). The rotors consist of binder free RP solid SiO 2 layers of different thicknesses packed between two supported circular glass discs and can be used in any appropriate device for centrifugal chromatography, like Chromatotron ® and CycloGraph ® . Polar and /or semi-polar compounds with close R f values, as well as extracts and column fractions were separated and /or purified in a preparative and / or semipreparative scale using the RP rotors, eluted with mixtures of aqueous-based solvents. We herein report three examples of its application, using RP Chromatorotors TM , for the isolation of the diastereoisomeric alkaloids banistenosides I and II from Banisteriopsis caapi, saponins III and IV from Fagonia cretica, and the sesquiterpenes artemisinin (V) and artemisinic acid (VI) from Artemisia annua.
Centrifugal preparative chromatography (CPC) is a convenient, reliable and economic method for preparative scale separation of natural products [1] [2] [3] [4] . Devices for CPC have long been recorded in the art of separation. In the late 1940s, the evolution of axial flow chromatography led to the appearance of radial chromatographic technology, introduced by Hopf [5] , who named it as centrifugal layer chromatography in 1947. In his device, called "the chromatofuge", a method was adopted to separate compounds by centrifugal forces [5] . The method was later modified for adsorption chromatography [6] [7] [8] [9] and was further developed and renamed as rotation planar chromatography (RPC) in the 1980s by Nyiredy [10, 11] , which catered for analytical, micro-preparative and preparative separations [12, 13] . CPC is currently applied to preparative work using commercially available instruments, Chromatotron ® [14], Cyclograph ® [15] , and Rotachrom P [16] , while ExtraChrom [17] , another RPC instrument used for preparative work is not available commercially.
The CPC instruments, i.e., Chromatotron ® and Cyclograph ® , are operated by the same principal involving movement of the mobile phase by centrifugal forces through a thin layer of sorbent coated on either a circular glass or plastic plate with the aid of a binder. Centrifugal forces are generated by the planar circular motion of the coated plate mounted on the inner chamber of the rotor. Both instruments are designed for preparative and semi-preparative scale separation of compounds either with silica gel or alumina. The use of only silica gel or alumina as sorbents severely limits the nature of compounds separable by these discs, as well as the composition of the solvent used for the separation. It is well-known that polar compounds like glycosides, anthocyanidins, polyphenols, quaternary alkaloids, and sugars, are either not separable or only separable with great difficulty and /or with very low yields using either silica gel or alumina as sorbents. The limitation in the use of water or acidic solvents is due to the fact that gypsum (CaSO 4 ), used as a binder for silica gel and alumina rotors, is sparingly soluble in water or acid, and eventually washed out from the rotors during elution, thus destroying the rotors. In addition, many nonpolar or mid-polar compounds with close R f values in silica gel or alumina (TLC) sorbents demonstrate improved separation in RP sorbent, and, therefore, RP Chromatorotors would also be useful for the separation of these compounds.
We herein report the preparation of a separating device containing a layer of binder free sorbent (C18 silica gel or silica gel or alumina) packed between the two circular rotors (Chromatorotor TM ) for CPC [18] . These sorbent layers contained fluorescent indicators, which allow the visualization of the separation process under UV lights. In addition, we also report application of the RP rotor used in the separation of the polar diastereoisomeric alkaloids, banistenosides A (I) and B (II), from B. caapi and saponins, olean-12-en-28-oic acid-23-hydroxy-3-[(2-O-β-D-xylopyranosyl-α-L-arabinopyranosyl) oxy]-β-D-glucopyranosyl ester (III) and olean-12-en-28-oic acid-3-[(2-O-α-L-arabinopyranosyl-α-L-arabinopyranosyl)oxy]-β-D-glucopyranosyl ester (IV) from F. cretica, as well as artemisinin (V) and artemisinic acid (VI), two semi-polar sequiterpenes from A. annua (Figure 1 ).
The development of Chromatorotor TM (Figures 2 and 3 ) was based on the principles and procedures of currently available devices for CPC, so that the rotor can be used in these instruments for separation work. Preparation of the rotor using a binder free C18 SiO 2 layer enabled RP mode of separation with water-based solvents, which is not executed currently for separation work by these devices. The Experimental Section illustrates a detailed account of the preparation of custom rotors (vide infra). The RP rotors are easily prepared in-situ and can be regenerated by washing with appropriate solvents after separation. The regenerated rotors did not show any deformation or cracks, and could be reused with no defects. However, the empty rotor is not restricted to RP sorbent and can be filled with regular silica gel (SiO 2 ) for normal phase separation, silica gel modified with functional groups and/or chiral groups, alumina, polyamide or sephadex resins and used for regular phase of chromatographic separation.
Application of the RP rotor and its usefulness is discussed in the following three examples of the separation of different classes of natural products, including polar alkaloids, saponin glycosides, and sesquiterpenes, using , could only be separated by repeated RP column chromatography with great difficulty, and successfully resolved as acetate derivatives after acetylation of a mixture of I and II [19] . On the other hand, normal silica gel TLC could not move these compounds from the baseline, even with MeOH. Using a 3 mm C18 silica gel rotor, the two polar alkaloids, I and II, were separated with >95% purity (by NMR) from the column fraction of B. caapi. The compounds were observed as two distinct fluorescent bands under short and long wave UV light, with the RP rotor. They were identified by comparison of spectroscopic data (NMR and ESIMS) of their respective heptaacetates with published data [19] .
In the second example, we examined the EtOH extract of F. cretica, a plant collected in Egypt and rich in saponins. Solvent partitioning of the EtOH extract afforded the saponin enriched n-BuOH fraction, which was pre-fractionated by CPC using a regular silica gel rotor and eluted with CHCl 3 -MeOH to afford a mixture of two polar saponins; III and IV (see Finally, the separation of two sesquiterpenes, artemisinin (V) from its precursor artemisinic acid (VI), was always challenging since they tend to co-elute from silica gel column chromatography [21] . Following a report of the isolation of artemisinin and artemisinic acid from A. annua using preparative RP-HPLC [22] , we now have separated these two sesquiterpenes from the n-hexane extract using a RP rotor, eluted with MeCN-H 2 O (R f 4.2 and 2.1, respectively, C18 silica gel, solvent: H 2 O-Me 2 CO, 4:6), in good yields (i.e., 1.1% and 2.7% of n-hexane extract, respectively). The spectroscopic data for the separated compounds artemisinin (V) and artemisinic acid (VI) were in agreement with those reported previously [23, 24] .
In conclusion, the RP Chromatorotors TM have demonstrated the ability to separate mixtures of polar diastereoisomeric alkaloids with almost identical R f values (TLC), as shown in the separation of banistenosides A and B. In addition, the two semi-polar sesquiterpenes, artemisinin and artemisinic acid, were also convincingly separated by RP rotors. Compared with preparative HPLC, this technology has advantages of being economical both in terms of instrumentation and accessories and it also overcomes the loading capacity and limitations encountered in preparative HPLC columns. Compared with regular RP column chromatography, it has the advantage of being both fast and efficient in resolution of mixtures visualized under UV fluorescence, thereby separation of compounds can be observed as bands. Finally, this technique is also environmentally friendly as it consumes less solvent and adsorbent (i.e., rotors are reusable).
Experimental
General: For the preparation of the RP rotor, annealed borosilicate glass (non-tempered), expanded PTFE (Teflon  ; 100%) customized filter and stainless steel screws (customized) were used. Centrifugal preparative chromatography was carried out by a Chromatotron ® (Model 8924; Harrison Research Inc., currently T-Squared Technology, Inc.), tagged with a fraction collector (CF-2, Spectrum Chromatography). Silica gel octadecyl (C18) (JT Baker; 7025-01, BAKERBOND, 40 uM) was used as sorbent for RP Chromatorotors. Fluorescent indicators at UV254 and UV365 (Macherey-Nagel Inc., Germany) were used as additives for visualization. Commercial grade solvents (Fisher Scientific) were used for preparation of rotor and isolation work. RP silica gel slurry was prepared using a sonicator (Fisher Scientific Model FS110D). Solvents from chromatography were dried by a Savant Speed Vac Plus SC210A Concentrator and water was evaporated using a Freeze Dry System (Labconco ® , Freezone 4.5). Analytical TLC was carried out on C18 silica gel (Analtech, cat. #350016, RP18 w/UV254, 150 m) and aluminum plates (0.25 mm) coated with silica gel (60 F254, Merck); separated compounds were visualized by observing under UV light at either 254 or 365 nm, followed by spraying with either Dragendorff's reagent or with 1% vanillin-H 2 SO 4 spray reagent and heating.
For the identification of compounds, the optical rotations were measured in MeOH using an AUTOPOL IV ® instrument at ambient temperature. 1 H-and 13 C NMR spectra were recorded on either a Bruker AVANCE 600 spectrometer or 600 MHz Varian Spectrometer at 600 ( 1 H) and 150 MHz ( 13 C). EIMS were recorded on a GCMS TRACE DSQII single quadrupole mass spectrometer, and HRESIMS were obtained by direct injection using a Bruker Bioapex-FTMS with electrospray ionization.
Preparation of RP-rotor:
Several rotors of 1, 3, and 6 mm were made. Figures 2 and 3 represent planar and vertical sectional views of the separating device containing a 3 mm layer of a sorbent material. A lower annular plate/disc (2) and a corresponding upper annular plate/disc (3) were made of 3 mm thick borosilicate glass with an outer diameter of 240 mm, so they precisely fit the Chromatotron ® or Cyclograph ® instruments. Transparent glass was used to ensure visual observation of the chromatographic separation process. An upper annular plate/disc (3) has an inner opening with a diameter of 80 mm, which serves to introduce solvents /samples into the sorbent layer (1) sandwiched between lower (2) and upper (3) plates. In order to prevent a layer of sorbent material 1 from moving outside, a porous filter 4, allowing only liquids to pass through, is arranged at the outer edge of an annular separation device. The porous filter 4 is made of sintered Teflon ® . A round channel (1 mm deep and 3 mm wide) was made along the outer perimeters of both lower 2 and upper 3 plates at a distance of 12 mm from the outer edge of the plates. The porous filter 4, as a narrow strip (3 mm thick and 6 mm high), fits tightly into these channels and secures the sorbent media within the separating device. Both discs 2 and 3 are fixed together by means of three screws (6) . Three additional support elements (5) are arranged between discs 2 and 3 to prevent the collapse of plates 2 and 3 because the porous filter 4 is made of a flexible material. The use of additional support elements (5) also ensures a constant thickness between lower (2) and upper (3) plates.
RP chromatorotors for separation of compounds
The slurry of 65 g reversed phase C18 SiO 2 doped with UV254 and UV365 fluorescent indicators (0.5% each) in 200 mL of acetonitrile was prepared and poured in small portions into the space between discs 2 and 3 while the rotor was in slow rotation (100 rpm). The slow rotation is needed to ensure consistent and tight packing of the sorbent material. The sorbent was packed to about 5 mm from the inner edge of upper plate 3. After stopping rotation, the wet sorbent media was prevented from falling outside by a round cotton strip, which completely isolated the silica gel within the disc´s space. After drying under vacuum in the desiccators, the separating device was ready for use in the Chromatotron ® .
Separation of banistenoside A (I) and banistenoside B (II) from B. caapi:
The water extract of B. caapi stems was prepared as described previously [19] . An alkaloidal fraction obtained from initial RPCC [19] of the water extract, which consists of a mixture of two compounds with close R f values (0.57 and 0.58, C18 silica gel; solvent: H 2 O-Me 2 CO, 3:7), was used for centrifugal chromatographic application. A 3 mm Chromatorotor TM with a C18 silica gel layer was installed into the Chromatotron ® instrument and saturated with 20% H 2 O in Me 2 CO. A methanol-H 2 O solution of the fraction (300 mg) was pumped to the base of the rotor through a narrow tube. The rotor was dried under N 2 with continuous rotation at high speed to remove the solvent. The sample was then eluted at a rotor speed of 700 rpm (solvent flow rate 3 mL/min) with 20% H 2 O in Me 2 CO (1L). Two moving fluorescent bands were observed by long-and short-wave UV light during separation and they were eluted as pure compounds. Fractions of 20 mL each were collected and pooled based on TLC analysis. The first compound, banistenoside A (I) eluted from fr. 1-6, while the second compound, banistenoside B (II) eluted from fr. 20-49. Combined fractions were first concentrated under reduced pressure, then water was removed by freeze drying (-44°C, 1.6 Pa). Finally, the rotor was washed with 50% H 2 O in Me 2 CO, followed by MeOH for regeneration of the rotor. Banistenoside A (48 mg) and B (26 mg) were isolated as white powders, and their structures were determined by spectroscopic data (NMR and ESIMS) of their heptaacetates, which are in agreement with those reported in the literature [19] .
Separation of saponins (III and IV) from F. cretica:
The aerial parts of Fagonia cretica L. (Zygophyllaceae) were collected from the Mediterranean coast of Egypt in December, 2009, identified by Mr Ibrahim El-Garf, and a voucher specimen (MZ/1) was deposited at the Herbarium of the Faculty of Science, Cairo University, Egypt. A sample (500 g) of the plant was extracted with 70% EtOH (1L x 3), which afforded 20 g of crude extract. A portion of the EtOH extract (1 g) was suspended in water (15 mL) and partitioned successively with n-hexane, chloroform and n-butanol (50 mL x 3 each). The n-butanol fraction (438 mg), dissolved in MeOH, was subjected to CPC, using a 3 mm silica gel P 254 rotor, mounted on a Chromatotron, and eluted with CHCl 3 -MeOH (8:2) to afford a mixture enriched with two polar saponins (III and IV; 180 mg). This fraction was further dissolved in a small amount of MeOH and applied to another 3 mm C18 SiO 2 rotor for purification. The rotor plate was dried as described previously (vide supra), and eluted (at speed 700 rpm, solvent flow rate 3 mL/min) with 60% MeOH in H 2 O (1.2 L), followed by 65% MeOH in H 2 O (600 mL). Fractions, each 10 mL, were collected, and pooled according to TLC analysis, and then combined as fr. 43-70 (III) and fr. 125-160 (IV). Each combined fraction was concentrated under reduced pressure to remove MeOH, and then freeze dried (-44°C, 1.6 Pa) to remove water, which afforded compounds III (26 mg) and IV (34 mg) as colorless powders. The structures of III and IV were determined by spectroscopic data, including 1 H and 13 C NMR, as olean-12-en-28-oic acid-23-hydroxy-3-[(2-O-β-D-xylopyranosyl-α-L-arabinopyranosyl) oxy]-β-D-glucopyranosy ester (III) and olean-12-en-28oic acid-3-[(2-O-α-L-arabinopyranosyl-α-L-arabino pyranosyl)oxy] -β-D-glucopyranosyl ester (IV), respectively, which are in agreement with the literature data [20] .
Separation of artemisinin and artemisinic acid from A. annua:
The n-hexane extract of A. annua (300 mg) was dissolved in 3 mL of H 2 O-MeCN (1:1). The colloidal mixture was centrifuged to was found to be enriched with V and VI. A 1 mm C18 silica gel packed Chromatorotor was mounted on the instrument and set to a speed of 700 rpm. The Chromatorotor was saturated with H 2 O-MeCN (1:1) at a rate of 2 mL/min. The clear supernatant of the nhexane extract (158 mg) was then applied to the rotor, followed by elution with H 2 O-MeCN (1:1; 0.9 L) using a flow rate of 2 mL/min. Fractions, 12 mL each, were collected and pooled by TLC analysis, which afforded compound V (3.3 mg; 1.1%), followed by VI (8.3 mg; 2.7%) in fr. 18-26 and fr. 56-71, respectively. The structures of V and VI were determined by spectroscopic data, as artemisinin and artemisinic acid [23, 24] , respectively, and also confirmed by direct comparison with their respective authentic samples.
